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ACCELERATION ENRICI-IMENT FUEL CONTROL 

BACKGROUND OF THE INVENTION 

This invention is directed toward a system for supply 
ing fuel to an engine and, more particularly, to a fuel 
supply system in which acceleration enrichment is pro 
vided in response to a sensed engine transient condition 
representing an increasing power demand of the engine. 
During accelerating conditions of an internal com 

bustion engine, lean air/fuel ratio excursions in the air 
and fuel mixture drawn into the cylinders will typically 
result if the fuel supply rate to the engine is not in 
creased beyond the normal steady state running fuel 
requirements. In order to prevent the lean excursions in 
the air/fuel ratio of the mixture drawn into the engine 
during an acceleration maneuver of the engine, numer 
ous forms of acceleration enrichment systems have been 
proposed that increase the fuel supplied to the engine 
during the transient engine condition. 
One known acceleration enrichment system provides 

enrichment in response to transient engine operating 
conditions as represented by changes in the throttle 
position controlling the air input of the engine. Typi 
cally, the amount of fuel increase is dependent upon 
factors including coolant temperature and engine speed. 

In this form of acceleration enrichment system, at 
low engine speeds it is desirable to respond rapidly to a 
sensed transient condition represented by a change in 
the throttle position in order to provide satisfactory 
engine operation. However at higher engine speeds, 
acceleration enrichment provided by a rapid response 
to a change in the throttle position results in excessive 
fuel being supplied to the engine. At the higher engine 
speeds, it is desirable to respond more slowly to a sensed 
transient condition represented by a change in the throt 
tle position. However, at the lower engine speeds, a 
slow response to changes in the throttle position results 
in excessive acceleration enrichment fuel being pro 
vided to the engine too late. ' . 

SUMMARY OF THE INVENTION 7 

In accord with this invention, the acceleration enrich 
ment fuel is provided to an engine in response to throttle 
position so that the acceleration fuel requirements are 
more accurately provided over the full operating speed 
range of the engine. Particularly, when the engine is 
operating at the lower engine speeds, acceleration en 
richment fuel is provided in response to an un?ltered 
measurement of throttle position. This provides for the 
desired rapid response in providing the acceleration 
enrichment fuel requirement of the engine at the lower 
engine speeds. 

Further in accord with this invention, when the en 
gine is operating at the higher engine speeds, the accel 
eration enrichment fuel requirements are provided to 
the engine in response to a ?ltered measurement of the 
throttle position. This response to a ?ltered measure 
ment of throttle position provides the desired engine 
performance without excessive fuel being delivered to 
the engine at the higher engine operating speeds. 
By selecting between the ?ltered and un?ltered mea 

surement of throttle position based on engine speed, the 
acceleration enrichment requirements of the engine are 
more accurately provided over the full engine operat 
ing range. 
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DESCRIPTION OF THE DRAWINGS 

The invention may be best understood by reference 
to the following description of a preferred embodiment 
and the drawings in which: 
FIG. 1 is a general diagram of an engine fuel control 

system incorporating the fuel enrichment principles of 
this invention; and 
FIGS. 2 through 4 are diagrams illustrating the oper 

ation of the system of FIG. 1. 

DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, there is illustrated a vehicle 
internal combustion engine 10. Air is drawn into the 
engine intake manifold through a throttle bore 12 and 
mixed with fuel injected into the intake manifold by 
electromagnetic fuel injectors 14. The air/fuel mixture 
in turn is drawn into the cylinders of the engine 10 
where it undergoes combustion. While two fuel injec 
tors 14 are illustrated, it is understood that in the present 
embodiment, a port fuel injection system is utilized 
wherein an injector is provided for each cylinder of the 
engine 10. 
The air input to the engine 10 is regulated by means of 

a conventional throttle 15 in the throttle bore 12. Fuel 
into the engine 10 is controlled by operation of the fuel 
injectors 14 via an engine controller 16 in response to 
measured values of engine operating parameters includ 
ing mass air flow MAF into the engine 10 provided by 
a conventional mass air ?ow sensor, engine temperature 
TEMP provided by a conventional temperature sensor 
and a throttle position signal TPS provided by a throttle 
position sensor 18 measuring the position of the throttle 
15 in the throttle bore 12 so as to establish a predeter 
mined scheduled air/fuel ratio and to provide for accel 
eration enrichment in accord with the principles of this 
invention. 
The engine controller 16 takes the form of a digital 

computer that is standard in form and includes a central 
processing unit (CPU) which executes an operating 
program permanently stored in a read only memory 
(ROM) which also stores tables and constants utilized in 
controlling the fuel injected by the injectors 14. Con 
tained within the CPU are conventional counters, regis 
ters, accumulators, flag ?ip ?ops, etc., along with a 
clock which provides a high frequency clock signal. 
The computer also includes a random access memory 

(RAM) into which data may be temporarily stored and 
from which data may be read at various address loca 
tions determined in accord with the program stored in 
the ROM. A power control unit (PCU) receives battery 
voltage and provides regulated power to the various 
operating circuits. ‘ 

The computer further includes an input/output cir 
cuit (I/O) comprised of an output section that provides 
timed injection pulses to the fuel injectors 14 and an 
input section that receives ignition reference pulses 
from a conventional vehicle ignition circuit in the form 
of a reference pulse with each engine cylinder intake 
event. These pulses are utilized by the engine controller 
16 for initiating normal injection pulses to the injectors 
14 and for measuring engine speed. 
An analog-to-digital unit (ADU) provides for mea 

surement of the analog signals including the signals 
representing the mass air ?ow MAF into the engine 10 
and the engine temperature TEMP and also a signal 
provided by a throttle position sensor 18 representing 
the rotational position TP of the throttle 15. These 
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signals are sampled and converted under control of the 
CPU and stored in ROM designated RAM memory 
locations. ' 

The engine controller 16 provides for the normal 
running fuel requirements of the engine 10 to achieve a 
desired air/fuel ratio of the mixture drawn into the 
cylinders by providing timed injection pulses to the 
injectors 14 in synchronism with engine rotation. The 
manner in which these injection pulses are determined 
by the engine controller is conventional and therefore 
will not be described in further detail. 
The operation of the engine controller 16 in control 

ling the fuel injectors 14 to establish acceleration fuel 
enrichment in accord with the principles of this inven 
tion is illustrated in FIGS. 2 thru 4. First referring to 
FIG. 2, when power is ?rst applied to the system such 
as when the vehicle ignition switch is rotated to its run 
position, the computer program is initiated at point 20 
and then proceeds to a step 22 where the program pro 
vides for system initialization. For example, at this step 
initial values stored in the ROM are entered into ROM 
designated RAM memory locations and the various 
counters, ?ags, and timers are initialized. 

After the initialization step 22, the program proceeds 
to a step 24 where it allows interrupts to occur and then 
to a program loop 26 which is continuously repeated. 
This loop includes all of the measurement, control and 
‘diagnostic routines for the engine 10 including the rou 

-1\ tine for providing acceleration enrichment in accord 
3‘: with this invention. 

Various timed intervals are established by the engine 
' controller 16 via internal counters for execution of the 

various routines in the program loop 26. In general, 
these intervals are established by counting the output of 35 
the high frequency clock in the CPU. In the present 

~ embodiment, one interrupt is provided by the CPU at 
> 6.25 millisecond intervals during which the routine for 

' determining the acceleration enrichment fuel delivery is 
executed. Additionally, an interrupt is provided by the 
CPU at 12.5 millisecond intervals during which the 

Elf-engine controller 16 provides an acceleration enrich 
”ment output pulse AEPW to the fuel injectors 14 hav 
ing a duration determined by the acceleration enrich 
ment routine of FIG. 3. 

Various conventional program routines are repeat 
edly executed by the control unit 16 at their respective 
timed intervals. These routines include routines for 
controlling spark ignition, for controlling engine idle 
speed and for establishing the normal fuel delivery. 
Since these program routines are conventional, their 
details are not further described. ' 

The routine executed at 6.25 millisecond intervals for 
establishing the acceleration enrichment fuel to be sup 
plied to the engine 10 is illustrated in FIG. 3. In general, 
this routine determines when the condition exists re 
quiring acceleration enrichment and the width of the 
acceleration enrichment pulse to be issued to the fuel 
injectors 14 at each 12% millisecond interval via the 
routine of FIG. 4. 
When the engine speed is equal to or below a prede 

termined value K1, the routine provides for acceleration 
enrichment if the change in the un?ltered value of the 
throttle position over the past 6.25 millisecond interval 
exceeds a predetermined value K2. When the engine 
speed is greater than the predetermined value K1, the 
routine provides for acceleration enrichment if the 
change in a ?ltered value of the throttle position over 
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4 
the past 6.25 millisecond interval exceeds the predeter 
mined value K2. 
Once acceleration enrichment is initiated, the routine 

decays the amount of acceleration enrichment over 
time or terminates acceleration enrichment if the throt 
tle position decreases over the past 6.25 millisecond 
interval by an amount greater than a predetermined 
value K3. This condition indicates that the vehicle oper 
ator has terminated the acceleration maneuver. 

Referring to FIG. 3, the 6.25 millisecond routine is 
entered at point 28 and proceeds to a step 30 where the 
engine controller 16 commands the ADU to convert the 
analog values of the signals representing the engine 
temperature TEMP and the un?ltered throttle position 
TP to digital values. The converted values are then 
stored in the RAM as the new values of engine tempera 
ture TEMP and throttle position T P. Also at step 30, 
the engine speed RPM represented by the frequency of 
the ignition reference pulses is obtained via the I/O and 
stored in the RAM. In this respect, the I/O may include 
an input counter that counts the number of clock pulses 
between ignition reference pulses to determine engine 
speed. 
From step 30, the program proceeds to a step 32 

where the program forms a ?ltered throttle position 
value that represents a ?ltered measurement of throttle 
position. This ?ltered measurement of throttle position 
is provided in this embodiment by means of a ?rst order 
lag ?lter equation that takes the form 

where TPfrepresents the value of the ?ltered measure 
ment of throttle position, TP/a represents the prior value 
of the ?ltered measurement of throttle position deter 
mined during the prior execution of the 6.25 millisecond 
interrupt routine of FIG. 3, TP is the value of the un?l 
tered measurement of throttle position read and saved at 
step 30 and K is a constant establishing the time con 
stant of the equation. 
From step 32, the program proceeds to a step 34 at 

which the engine speed value RPM measured and 
stored at step 30 is compared to a calibration constant 
K1 representing a threshold engine speed below which 
acceleration enrichment is to be determined based on 
the un?ltered measurement of throttle position TP and 
above which the acceleration enrichment is to be based 
upon the ?ltered measurement of throttle position TPf 
determined at step 32. 
Assuming the engine speed is below the threshold K1 

where acceleration enrichment is to be determined 
based on the un?ltered measurement of throttle posi 
tion, the program proceeds to a step 36 where the 
change in the throttle position over the last 6.25 milli 
second period is determined based on the expression 

where ATP is the change in the throttle position, TP is 
the un?ltered measurement of throttle position saved at 
step 30 and TP,, is the un?ltered measurement of throttle 
position determined during the previous execution of 
the 6.25 millisecond A interrupt routine. The value 
determined at step 36 in conjunction with the interval of 
the interrupt routine establishes a rate of change in the 
un?ltered measurement of throttle position. 
From step 36, the program proceeds to a step 38 

where ATP is compared with a calibration constant K; 
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representing a rate in change of throttle position above 
which acceleration enrichment is to be initiated. If at 
any time while the engine speed is less than the thresh 
old value K1, the change in the un?ltered throttle posi 
tion exceeds the value K; as determined at step 38, the 
program proceeds to a step 40 where a base acceleration 
enrichment pulse width value PW is obtained from a 
lookup table stored in the ROM. This value is depen 
dent upon the magnitude of the rate of change in the 
throttle position as determined at step 36. 
From step 40, the program proceeds to a step 42 

where a temperature correction multiplier MULT is 
obtained from a lookup table stored in the ROM repre 
senting a correction to the base pulse width value PW as 
a function of engine temperature. Thereafter at step 44, 
the acceleration enrichment fuel pulse width AEPW to 
be issued to the engine at each 12.5 millisecond interval 
is determined by multiplying the base pulse width PW 
obtained at step 40 by the correction multiplier value 
MULT obtained at step 42. The steps 40 through 44 are 
repeated with each execution of the 6.25 millisecond 
interrupt routine as long as step 38 represents a rate of 
change of throttle position greater than the rate repre 
sented by the value K2. 
Returning to step 38 and assuming the rate of change 

in throttle position is below the value represented by the 
constant K2, the program proceeds to a series of steps 
‘46 through 50 where any previous acceleration enrich 

' ment fuel pulse width value AEPW is either decayed 
toward zero or terminated if the position of the throttle 
15 has decreased by an amount K3. 
At step 46, the change in throttle position determined 

at step 36 is compared with a change represented by a 
constant -K3. If the rate of change in throttle position 
is less than this negative value, it represents a condition 
wherein the throttle position is decreasing and accelera 
tion enrichment is to be terminated. Assuming this con 
dition exists, the program proceeds to a step 48 where 
the acceleration enrichment fuel pulse width AEPW is 

_ reset to zero. 

If step 46 determines that the throttle position is not 
decreasing at a rate represented by the constant —K3, 
the program proceeds to a step 50 where the accelera 
tion enrichment fuel pulse width AEPW is decayed 
toward zero. This decay can be in accord with a ?rst 
order lag ?lter equation similar to the equation de 
scribed with respect to step 32. The step 46 and step 48 
or 50 are continually repeated until the value of the 
acceleration enrichment fuel pulse width AEPW is 
reset by step 48 or decayed to zero by step 50 after 
which the value of AEPW remains at zero until the 
conditions for acceleration enrichment are again de 
tected. 
Assuming the engine speed is greater than the thresh 

old K1 where acceleration enrichment is to be deter 
I mined based on the ?ltered measurement of throttle 

position, the program proceeds to a step 52 where the 
change in the throttle position over the last 6.25 milli 
second period is determined based on the expression 

where ATP is the change in the throttle position, TPflS 
the ?ltered measurement of throttle position determined 
at step 32 and TPfo is the ?ltered measurement of throt 
tle position determined during the previous execution of 
the 6.25 millisecond A interrupt routine. The value 
determined at step 52 in conjunction with the interval of 

15 

20 

25 

35 

40 

55 

65 

6 
the interrupt routine establishes a rate of change in the 
?ltered measurement of throttle position. 
From step 52, the program proceeds to a step 54 

where ATP is compared with the calibration constant 
K4 representing a rate in change of throttle position 
above which acceleration enrichment is to be initiated. 
In one embodiment, K4 may be equal to K; used at step 
38. If at any time while the engine speed is greater than 
the threshold value K1, the change in the ?ltered throt 
tle position exceeds the value K4 as determined at step 
54, the program proceeds to a step 56 where the base 
acceleration enrichment pulse width value PW is ob 
tained from a lookup table stored in the ROM. As previ 
ously described, this value is dependent upon the mag 
nitude of the rate of change in the ?ltered throttle posi 
tion as determined at step 52. 
From step 56, the program proceeds to the steps 42 

and 44 where the acceleration enrichment fuel pulse 
width AEPW is determined as previously described. 
The steps 56, 42 and 44 are repeated with each execu 
tion of the 6.25 millisecond interrupt routine as long as 
step 54 detects a rate of change of throttle position 
greater than the rate represented by the value K4. 

Returning to step 54 and assuming the rate of change 
in the ?ltered throttle position is below the value repre 
sented by the constant K4, the program proceeds to a 
series of steps 58 through 62 where any previous accel 
eration enrichment fuel pulse width value AEPW is 
either decayed toward zero or terminated if the ?ltered 
position of the throttle 15 has decreased by an amount 
greater than K5. In one embodiment, K5 may be equal to 
K3. 
At step 58, the change in the ?ltered throttle position 

determined at step 52 is compared with a change repre 
sented by the constant —K5. If the rate of change in the 
?ltered throttle position is less than this negative value, 
it represents a condition wherein acceleration enrich 
ment is to be terminated. Assuming this condition exists, 
the program proceeds to a step 60 where the accelera 
tion enrichment fuel pulse width AEPW is reset to zero. 

If step 58 determines that the ?ltered throttle position 
is not decreasing at a rate represented by the constant 
—-K5, the program proceeds to a step 62 where the 
acceleration enrichment fuel pulse width AEPW is 
decayed toward zero in a manner similar to step 50. The 
step 58 and step 60 or 62 are continually repeated until 
the value of the acceleration enrichment fuel pulse 
width AEPW is reset by step 60 or decayed to zero by 
step 62 after which the value of AEPW remains at zero 
until the conditions for acceleration enrichment are 
again detected. 
From step 44, 48, 50, 60 or 62, the program proceeds 

to a step 64 where the old value of the throttle position 
TPo (to be utilized when step 36 is next executed to 
determine the change in the throttle position ATP) is 
reset to the value read and stored at step 30. Similarly, 
the old value TP?; the ?ltered throttle position signal to 
be utilized when step 52 is next executed to determine 
the change in the throttle position ATP is reset to the 
value last determined at step 32. From step 64, the pro 
gram exits the 6.25 millisecond interrupt routine at step 
66. 

In summary, the foregoing routine of FIG. 3 provides 
for an acceleration enrichment pulse width when the 
engine speed is above the value K1 based on the rate of 
change in the ?ltered throttle position and when the 
engine speed is below the value K1 provides accelera 
tion enrichment based on the rate of change in the un?l 
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tered throttle position. In this manner, the acceleration 
enrichment requirements of the engine are provided 
over the full range of engine operating conditions. 

Referring to FIG. 4, the 12.5 millisecond interrupt 
routine is described. This routine is entered at step 68 
and proceeds to a step 70 where the acceleration enrich 
ment pulse width having a duration AEPW established 
by the routine of FIG. 3 is outputted to the fuel injec 
tors 14 via the I/O of the engine controller 16. Thereaf 
ter, the program exits the 12.5 millisecond interrupt 
routine at step 72. Via the routine of FIG. 4, the acceler 
ation enrichment pulse width is repeatedly provided at 
12.5 millisecond intervals as established by the routine 
of FIG. 3. 
The foregoing description of a preferred embodiment 

of the invention for purposes of illustrating the inven 
' tion is not to be considered as limiting or restricting the 
invention since many modifications may be made by the 
exercise of skill in the art without departing from the 
scope of the invention. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as 
follows: 

1. A fuel supply system for an internal combustion 
engine having a throttle for controlling its air input, the 
engine being characterized in that its steady state oper 
ating fuel requirements vary from its transient operating 
fuel requirements, the fuel supply system comprising: 
means for measuring engine speed; 
means for measuring throttle position; 
means for ?ltering the measured throttle position; 
means for sensing an engine transient operating con 

dition representing an engine acceleration enrich 

5 

20 

30 

ment fuel requirement in response to (A) the rate of 35 
change in the measured throttle position when the 
engine speed is less than a predetermined threshold 
and (B) the rate of change in the ?ltered throttle 
position when the engine speed is greater than the 
predetermined threshold; and 

means for supplying acceleration enrichment fuel to 
the engine when an engine transient operating con 
dition is sensed, whereby the transient operating 
fuel requirements of the engine are provided in 
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response to changes in the throttle position over 
the full operating speed range of the engine. 

2. The method of supplying the acceleration transient 
fuel requirements of an internal combustion engine hav 
ing a throttle for controlling its air input, the engine 
being characterized in that its steady state operating fuel 
requirements vary from its transient operating fuel re 
quirements, the method comprising the steps of: 

measuring engine speed; 
measuring throttle position; 
?ltering the measured throttle position; 
sensing an engine transient operating condition repre 

senting an engine acceleration enrichment fuel 
requirement in response to (A) the rate of change in 
the measured throttle position when the engine 
speed is less than a predetermined threshold and 
(B) the rate of change in the ?ltered throttle posi 
tion when the engine speed is greater than the 
predetermined threshold; and 

supplying acceleration enrichment fuel to the engine 
when an engine transient operating condition is 
sensed, whereby the transient operating fuel re 
quirements of the engine are provided in response 
to changes in the throttle position over the full 
operating speed range of the engine. 

3. A system for detecting a transient operating condi 
tion of an internal combustion engine to initiate acceler 
ation fuel enrichment, the engine having a throttle for 
controlling its air input, the system comprising, in com 
bination: 
means for measuring engine speed; . 
means for measuring throttle position; 
means for filtering the measured throttle position; 
means for indicating a transient operating condition 

while the engine speed is less than a predetermined 
speed when the rate of change in the measured 
throttle position exceeds a ?rst predetermined rate; 
and 

means for indicating a transient operating condition 
while the engine speed is greater than the predeter 
mined speed when the rate of change in the ?ltered 
measured throttle position exceeds a second prede 
termined rate. 

1' * * * i 


